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(54) Polyimide precursor solution, process for the production thereof, coating or film obtained 
therefrom and process for producing the film 

(57) This invention provides a polyimide precursor 
solution having high concentration and low viscosity 
and a production process thereof, and polyimide coat- 
ings and films having excellent physical properties 
obtained therefrom and a production process thereof. 
Particularly, it relates to a polyimide precursor solution 
which contains a salt of a specific diamine with a spe- 
cific tetracarboxyfic acid, as its solute; to a process for 
the production of the polyimide precursor solution, 
which comprises allowing 1 mole of a specified diamine 
to react with 0.3 to 0.9 mole of a specific tetracarboxylic 
acid dian hydride, thereby obtaining a diamine, and sub- 
sequently adding 0.95 to 1.05 moles of a specified tet- 
racarboxylic acid to 1 mole of the thus obtained 
diamine; to a polyimide coating or film obtained from the 
aforementioned polyimide precursor solution; and to a 
process for the production of the polyimide coating or 
film, which comprises coating the aforementioned poly- 
imide precursor solution on a substrate and heating the 
coat to effect imidization. 
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Description 

FIELD OF THE INVENTION 

5 This invention relates to a polyimide precursor solution and a process for the production of the solution and to a 
pdyimide coating or film obtained from the polyimide precursor solution and a process for the production of the film. 

BA C KGRO UNP OF T H E INVENT IO N 

10 Polyimide compounds are useful for their applications to the field of electronics and have been used as insulating 
films and protective coatings on semiconductor devices. Particularly, all aromatic polyimide compounds have been con- 
tributing greatly to the increase in integration and multiple function of flexible circuit substrates, integrated circuits and 
the like, because of their excellent heat resistance, mechanical characteristics and electric characteristics. Polyimide 
precursor solutions have been used conventionally when layer-insulating films or protective films are formed on LSI 

15 chips. Solutions comprising poly(arrdc acid)s represented by the following general formula are known as such polyimide 
precursor solutions. 



20 



25 



HOOC COOH 



J n 

R 1 , R 2 : aromatic residue 



30 

These poly(amic acid) solutions are produced by allowing an aromatic diamine compound to react with an aromatic 
tetracarboxyfic acid cfianhydride in a solvent and various solutions have been proposed in which aprotic polar solvents 
are used as described, for example, in JP-B-36-10999 and QB 898651 A (the term "JP-B" as used herein means an 
"examined Japanese patent publication"), JP-A-62-275165 (the term "JP-A" as used herein means an unexamined 

35 published Japanese patent application), JP-A-64-5057 (corresponding to U.S. Patent 5,073,828 and EP-A-297413), 
JP-B-2-38149 (corresponding to U.S. Patent 4,533,574), JP-B-2-38150 (corresponding to U.S. Patent 4,562,100). JP- 
A-1 -299871, JP-A-58-122920 (corresponding to U.S. Patent 4,454,276). JP-B-1-34454. JP-A-58-1 85624 (correspond- 
ing to U.S. Patent 4,438.256). Journal of Polymer Science, Macromolecular Reviews Vol. 11, p. 199(1976), U.S. Patent 
4,238,528. JP-B-3-4588 (corresponding to U.S. Patent 4,525,507 and EP-B-151801). JP-B-7-30247. JP-A-7-41556, 

40 JP-A-7-62095 (corresponding to U.S. Patent 5,478,914), JP-A-7-1 33349, JP-A-7-149896. JP-A-6-207014, JP-B-7- 
17870 and JP-B-7-17871 (corresponding to US. Patent 5.254,361). and IBM Technical Disclosure Bulletin Vol. 20, No. 
6, p. 2041 (1977) or solutions in which a mixed solvent selected from water-soluble ether compounds, water-soluble 
alcohol compounds, water-soluble ketone compounds and water is used as described in JP-A-6-1915 (U.S. Patents 
5.463,016 and 5,466,732). 

45 With regard to the polyimide precursor as the solute of the polyimide precursor solution, various polymers are 
known in addition to poly(amic acid)s. For example, a pdy(amic acid) ester represented by the following general formula 



so 
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R 3 ' aromatic residue 
R 4 : aliphatic residue 



15 



is disclosed in Macromolecules. Vol. 22, p. 4477 (1989) and Polyimides and Other High Temperature Polymers, p. 45 
(1991); a poly(amic acid) trimethylsilyl ester represented by the following general formula 



so 
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H H O 0 
I I II II 
-N-RS-N-C s ,C 

,*\ 

MejSi-O-C C-O— SiMe 3 



30 



R 5 , R 6 : aromatic residue 
Me: methyl group 



isdisclosed in Macromolecules, Vol. 24, p 3475 (1991); and a poly(amic acid) bis(diethylamide) represented by the fol- 
lowing formula 



40 



H O 
I II 
-N-C 



EuNC 
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II 

C-NEt 2 



Et: ethyl group 



so isdisclosed in Journal of Polymer Science Part B. Vol. 8. p. 29 (1970), Journal of Polymer Science Part B. Vol. 8. p. 559 
(1970). Nippon Kagaku Kaishi. Vol. 1972. p. 1992 (published by the Chemical Society of Japan) and Journal of Polymer 
Science Polymer Chemistry Edition, Vol. 13, p. 365 (1975). 

Each of the aforementioned polyMde precursors are in the form of a solution of a high molecular weight polymer. 
When a polyimide coating is obtained from any of these polymer solutions, the film is obtained generally by coating 
55 the polymer solution on a substrate such as a copper, glass or the like and heating the solution to effect removal of sol- 
vent and imidization. 

However, when such a high molecular weight polymer solution is coated, the high molecular weight causes a prob- 
lem in that concentration of the solute must be reduced in order to obtain suitable viscosity of the solution for its coating. 
Also, when concentration of the solute is increased in order to improve productivity, it causes another problem in that its 
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coating cannot be made due to high viscosity of the solution, or, even if the coating can be made, a coating or film hav- 
ing excellent mechanical and thermal characteristics cannot be obtained. In addition, since the polymer solution cannot 
withstand long-term preservation, it is extremely difficult to preserve the solution for a prolonged period of time while 
keeping its molecular weight. 

5 

SUMMARY Op THE INVENTIQN 

In view of the above, it is an object of the present invention to provide a polyimide precursor solution having high 
solid contents and tow viscosity and a process for the production thereof, as well as a polyimide coating obtained from 

to the precursor solution, which has excellent physical properties, and a process for the production thereof. 

With the aim of overcoming the aforementioned problems, the inventors of the present invention have conducted 
extensive studies and found that, when specific monomers are used in combination, a polyimide coating having excel- 
lent physical properties can be obtained even from a solution containing monomers perse, not in a polymer form. In 
other wards, it was found that a polyimide precursor solution which contains a salt of monomers of a diamine compound 

75 represented by the following general formula (1) and a tetracarbaxylic acid and/or a tetracarbaxylic ester represented 
by the following general formula (2) shows a low viscosity even if the monomer salt is dissolved in the solution in a high 
concentration of and, moreover, that a high strength polyimide coating can be obtained from the solution. The present 
invention has been accomplished on the basis of these findings. Such findings are extremely surprising when taken into 
consideration the fact that only high molecular weight polymers have been known as polyimide precursors for constitute 

20 irtg the polyimide precursor solutions. 

Accordingly, the first embodiment of the present invention is a polyimide precursor solution which comprises, as Hs 
solute, a salt of (i) a diamine represented by the following general formula (1 ) 
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(1) 



(wherein R represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the four 
35 carbonyl groups are directly connected to different carbon atoms of R and each of two pairs of the four carbonyl groups 
is connected to adjacent carbon atoms in the 6-membered carbon ring, and R* represents a divalent aromatic residue 
containing at least one 6-membered carbon ring) and (ii) a tetracarboxyiic acid and/or a tetracarboxylic ester repre- 
sented by the following general formula (2) 

HOOC s x COOH { 2) 
R ,M OOC COOR'" 

45 

(wherein R" represents a tetravalent aromatic residue containing at least one 6-membered carbon ring , wherein the four 
carbonyl groups are directly connected to different carbon atoms in the residue and each of the two pairs of the four 
carbonyl groups is connected to adjacent carbon atoms in the 6-membered carbon ring, and FT represents a hydrogen 
so atom or an alkyl group having 1 to 5 carbon atoms). 

The second embodiment of the present invention is a process for the production of a polyimide precursor solution, 
which comprises reacting 1 mole of a diamine represented by the following general formula (3) 

H2N-R-NH2 (3) 

55 

(wherein R* represents a divalent aromatic residue containing at least one 6-membered carbon ring) to react with 0.3 
to 0.9 mole of a tetracarboxylic acid dianhydride represented by the following general formula (4) 
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(wherein R represents a tetravalerrt aromatic residue containing at least one 6-membered carbon ring, wherein the four 
carbonyl groups are directly connected to different carbon atoms of R and each of two pairs of the four carbonyl groups 
is connected to adjacent carbon atoms in the 6-membered carbon ring) in a solvent to give the diamine represented by 
15 the aforementioned general formula ( 1 ), and 

adding 0.95 to 1 .05 moles of the tetracarboxylic acid and/or tetracarboxylic ester represented by the aforemen- 
tioned general formula (2) to 1 mole of the thus obtained diamine. 

The third embodiment of the present invention is a polyimide coating or film obtained from the aforementioned poly- 
imide precursor solution. 

20 The fourth embodiment of the present invention is a process for the production of a polyimide coating or film, which 
comprises coating the aforementioned polyimide precursor solution on a substrate and heating the coat to effect imidi- 
ration. 

Other objects and advantages of the present invention will be made apparent as the description progresses. 
25 DETAILED DESCRIPTION OF THE INVENTION 

First technical terms used in the present invention are described. 
(1) Salt 



30 



40 



50 



55 



A complex which is obtained by mixing a diamine component with a tetracarboxylic add component in a solvent. 
The amino group and carboxy) group may be linked to each other under any condition (ionic bond or non-ionic bond). 

(2) Polyimide 

An organic polymer in which 80 mol% or more of the repeating units of the polymer chain has the imide structure. 
This polymer generally shows no melting point or sotting point at less man 400°C. 

(3) Polyimide precursor 

An organic compound which becomes a polyimide by ring closure by heating or a chemical action. In this instance, 
the term "ring closure" means formation of an imide ring structure. 

(4) Polyimide solution 

A solution in which a polyimide precursor is dissolved in a solvent. The solvent in this case is a compound which is 
liquid at 25°C. 

(5) Viscosity 

Viscosity measured al 20°C by a rotational DVL-BII digital viscometer (BrooWield viscometer) manufactured by 
Tokimec Co. 

(6) Solute concentration 

Weight ratio of the polyimide precursor in the solution, expressed by percentage. 
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(7) Polyimide Coating 

A polyimide formed on a substrate such as copper, aluminum, glass or the like. Of these poiyimides, those which 
are used in the adhered state to substrates are called polyimide coatings. 

5 

(8) Polyimide fOm 

A polyimide formed on a substrate such as copper, aluminum, glass or the like. Of these poiyimides, those which 
are used after peeling from the substrates are called polyimide films. 
io The present invention is described further. 

In the polyimide precursor solution of the present invention, a salt of a diamine represented by the general formula 
(1) and a tetracarboxyiic acid and/or a tetracarboxylic ester represented by the general formula (2) is dissolved in a sol- 
vent as the solute. 

In this case, R represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein 
is the four carbonyl groups are directly connected to different carbon atoms in the residue and each of the two pairs of the 
four carbonyl groups is connected to adjacent carbon atoms in the 6-membered carbon ring. Illustrative examples of R 
include the following groups. 

o 



• » » 

)Or^r XJTOC ^DrhDC 
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The following groups are particularly preferred as R. 




R' is a divalent aromatic residue which has at least one 6-membered carbon ring. Illustrative examples of R* include 
the following groups. 

55 
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The following groups are particularly preferred as R'. 
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In the tetracarboxylic acid and/or tetracarboxylic ester represented by the general formula (2) of the present inven- 
tion, FT represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the four car- 
bony! groups are directly connected to Afferent carbon atoms in the residue and each of the two pairs of the four 
25 carbonyl groups is connected to adjacent carbon atoms in the 6-membered carbon ring. FT represents a hydrogen 
atom or an aJkyl group having 1 to 5 carbon atoms. Illustrative examples of FT include those which are shown as the 
examples of R. and. in the salt of the diamine of general formula (1) and tetracarboxylic acid of general formula (2), the 
same group or different groups may be used as R and FT. 

As R'\ the following groups are particularly preferred. 



30 




35 




40 



Illustrative examples of R'" include the following groups. 
— H , — CH3 , -CsHs , -C3H7 , -C4H9 . -C5H1 1 . 



45 



50 



55 
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H CH, 
-f-?-CH, 
H H 



H, H 



I 
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-<f— C-CH, 
H H 



-C-CH, 
CH, 
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C-C-CH 3 
H H H 



H CH,H 
-C-C— C-CH 3 
H H H 



CH 3 H H 
_C_ rr CH 3 
H H H 
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I I 3 
H CH 3 



C» 3 H 
-C— C~CH 3 
H CH 3 



CH 3 H 
t 3 I 
— C— -C-CH 3 

CH 3 H 



25 As FT. the following groups are particularly preferred. 
— H . -CH 3 

Any solvent can be as the solvent of the solution of the present invention, provided that it can dissolve the salt of a 
diamine represented by the general formula (1 ) and a tetracarboxylic acid and/or a tetracarboxylic ester represented by 
the general formula (2). 

30 Illustrative examples of the solvent include aprotic polar solvents such as N.N-dimethyfformamide. N.N-dimethyla- 
cetamide, dimethyl sulfoxide, hexamethyfphosphoramide, N-methylpyrrolidone and the like; ether compounds such as 
2-methoxyethanol. 2-ethoxyethanol, 2-(methoxymethoxy)ethoxyethanol, 2-isopropoxyethanoJ, 2-butoxyethanol, tet- 
rahydrofurfuryi alcohol, diethylene glycol, diethytene glycol monom ethyl ether, diethytene glycol monoethyl ether, Meth- 
ylene glycol monobutyl ether, triethylene glycol, triethylene glycol monoethyl ether, tetraethylene glycol. 1-methoxy-2- 

35 propanol, 1-ethoxy-2-propanoJ, dipropylene glycol, dipropylene glycol mortomethy) ether, dipropytene glycol monoethyl 
ether, tripropytene glycol monomethyl ether, polyethylene glycol, polypropylene glycol, tetrahydrofuran, dioxane, 1.2- 
dimethoxyethane, diethylene glycol dimethyl ether, diethylene glycol diethyl ether and the like; and water-Soluble alco- 
hol compounds such as methanol, ethanol, 1 -propanol, 2-propanol. tert -butyl alcohol, ethylene glycol, 1 ,2-propanediol, 
1,3-propanediol, 1 ,3-butanediol, 1,4-butanediol, 2,3-butanecfiol. 1 ,5-pentanediol, 2-butene-l,4-diol, 2-methyl-2,4-pen- 

40 tanediol, 1 ,2,6-hexanetriol, diacetone alcohol and the like, and these compounds may be used alone or as a mixture of 
two or more. Of these compounds, particularly preferred are N, N-dimethyrformamide, N.N-dimethylacetamide, 2-meth- 
oxyethanol, diethylene glycol monomethyl ether or 1 -methoxy-2-propanol as single solvent and a combination of N- 
methyipyrrolidone with diethylene glycol monomethyl ether, N-methylpyrrolidone with methanol or N-methylpyrrolidone 
with 2-methoxyethanol as a mixed solvent 

45 Concentration of the polyimide precursor in the polyimide precursor solution of the present invention may be pref- 
erably 30% by weight or more, more preferably 35% by weight or more, most preferably 40% by weight or more, based 
on the total weight of the solution. The concentration less than 30% by weight may not provide sufficient effects in 
improving produabtl'rty of coating procedure Preferable upper limit of the concentration is about 80% by weight. The 
concentration exceeding 80% by weight may cause insufficient dissolution of the polyimide precursor. 

so Also, the polyimide precursor solution may have a viscosity of preferably 100 poise or less, more preferably 85 
poise or less, most preferably 60 poise or less. The viscosity exceeding 100 poise is not preferable since the coating 
procedure becomes difficult. 

The polyimide precursor solution of the present invention can be produced by adding a tetracarboxylic acid and/or 
a tetracarboxylic ester represented by the general formula (2) to a solution of a diamine represented by the general fbr- 
55 mula(1). 

As a preferred example, the following describes a method for the production of a polyimide precursor solution, in 
which a tetracarboxylic acid cfianhydride is allowed to react with a diamine in a mixture of an aprotic polar compound 
with an ether compound, thereby obtaining a solution of the diamine of general formula (1). and then the tetracarboxyfic 
acid and/or tetracarboxylic ester of general formula (2) is added to the thus obtained diamine solution. 
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First an aromatic tetracarboxylic acid dianhydride having R as its skeleton is allowed to react with the aforemen- 
tioned aromatic diamine having R' as its skeleton in a mixture of an aprotic polar compound with an ether compound. 
Next, the aforementioned aromatic tetracarboxylic add and/or tetracarboxylic ester having R N as its skeleton is added 
to the resulting reaction solution. 

5 The temperature for the first reaction to obtain the compound of the general formula (1) is preferably from -30 to 
60°C, more preferably from -20 to 40°C. At the temperature deviating from the range of -30 to 60°C. it is difficult to con- 
trol of the temperature. The reaction is carried out preferably from 30 minutes to 24 hours, more preferably from 1 to 12 
hours. If the reaction is earned out only less than 30 minutes, the diamine compound produced may sometimes show 
insufficient dissolution. In general, the reaction terminates within 24 hours. 

w The temperature for the second reaction between the compound of the general formula (1) and the compound of 
the general formula (2) is preferably from -30 to 60°C. more preferably from -20 to 40°C. At the temperature deviating 
from the range of -30 to 60°C, it is difficult to control of the temperature. The reaction is carried out preferably from 30 
minutes to 24 hours, more preferably from 1 to 12 hours. If the reaction is carried out only less than 30 minutes, the salt 
produced may sometimes show insufficient dissolution. In general, the reaction terminates within 24 hours. 

is The reaction of a tetracarboxylic acid dianhydride with a (famine for the formation of the diamine of general formula 
(1) may be carried out using preferably 0.3 to 0.9 mole, more preferably 0.4 to 0.6 mole, most preferably 0.45 to 0.55 
mole, of the tetracarboxylic acid dianhydride based on 1 mole of the diamine. When amount of the tetracarboxylic acid 
dianhydride based on 1 mole of the diamine is outside the range of 0.3 to 0.9 mole, there is a tendency that formation 
of the diamine of general formula (1) becomes difficult Also, the aromatic tetracarboxylic acid artd/or tetracarboxylic 

20 ester having R" as its skeleton may be added at a ratio of preferably 0.95 to 1 .05 moles, more preferably 0.97 to 1 .03 
moles based on the diamine. When the ratio of the aromatic tetracarboxylic acid and/or tetracarboxylic ester having R" 
as its skeleton is outside the range of 0.95 to 1 .05 moles, there is a tendency that formation of the salt becomes difficult. 

When a solution of the diamine of the general formula (1) is produced, the monomers and solvent may be mixed in 
optional order When a mixture of solvents is used as the solvent, a solution of the diamine of the general formula (1) 

25 can be obtained by dissolving or suspending each monomer in each solvent, mixing the resulting solutions or suspen- 
sions and then stirring the mixture at a predetermined temperature for a predetermined period of time to effect reaction. 
With regard to the method for the addition of the tetracarboxylic acid and/or tetracarboxylic ester of general formula (2). 
one or both of them may be added directly as solid(s) or in the form of sotution(s) to the aforementioned diamine solu- 
tion under stirring. 

30 In addtion, when required, conventional additive agents such as organic silanes, pigments, fillers including conduc- 
tive carbon black and metal particles, abrasive agents, dielectric substances, lubricants and the like may be added to 
the polyimide precursor solution of the present invention in such amounts that they do not spoil the effect of the present 
invention. Other polymers and water-insoluble solvents such as ethers, alcohols, ketones, esters, halogenated hydro- 
carbons, hydrocarbons and the like may also be added in such amounts that they do not spoil the effect of the present 

35 invention. 

When a polyimide film is molded from a polyimide precursor solution, the precursor solution is applied to the sur- 
face of a substrate by extruding the solution from a slit-type nozzle or using a tor coater or the like, dried to remove the 
solvent and then subjected to imidization, and the film formed is separated from the substrate. 

The imidization is carried out preferably at 200 to 400°C, more preferably 250 to 350°C. At the temperature deviat- 
ed ing this range, imidization may become insufficient or deformation or deterioration of coating may occur by heat. 

When a poryimide coating is produced, a polyimide precursor solution is applied to the surface of a substrate by a 
conventional means such as spin coating, spray coating, dipping or the like, dried to remove the solvent and then sub- 
jected to imidization. 

Thus, the polyimide precursor solution of the present invention and films and coatings obtained from the solution 
45 can be used in the production, for example, of a heat resistant insulating tape, a heat resistant adhesive tape, a high 
density magnetic recording base, a condenser, a film for FPC use and the like Such materials are also useful for the 
production of molding materials and moldings such as a sliding means in which a fluoride resin, graphite or the like is 
packed, a structural element reinforced with glass fiber, carbon fiber or the like, a bobbin for miniature coil, a sleeve, a 
terminal-insulating tube and the like. They can be used also for the production of laminated materials such as an insu- 
so lating spacer for power transistor, a magnetic head spacer, a power relay spacer, a transformer spacer and the like. 
They are also useful for the production of enamel coating materials for use in insulation coating of electric wires and 
cables, a solar battery, a low temperature storage tank, a space heat insulator, an integrated circuit, a slot liner and the 
like. They are also useful for the production of an ultrafiltration membrane, a reverse permeation membrane, a gas sep- 
aration membrane and the like They can also be used for the production of thread, woven fabric, non-woven fabric and 
55 the like having heat resistance. 

Examples of the present invention are given below by way of illustration and not by way of limitation. 
Unless otherwise indicated, all ratio, parts, percents. and the like are by weight 
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EXAMPLE 1 

A 18.00 g (90.0 mmol) portion of 4,4'-oxydianiline was dissolved in 101 .2 g of diethylene glycol monomethy! ether, 
and the solution was kept at 8°C. To the solution was gradually added 13.95 g (45.0 mmol) of 4,4 , -oxydiphthalic acid 
s dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



15 

After 1 hour of stirring, 1 1.43 g (45.0 mmol) of pyromellitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Measurement of the 
viscosity of the solution showed a viscosity of 9.5 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 70 jim using a film applicator, dried at 80°C 
20 for 5 hours in an atmosphere of nitrogen and then subjected to unitization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 22 um in thickness and showed a tensile strength oi 15.0 kg/mm 2 . 

EXAMPLE 2 

25 

A 18.00 g (90.0 mmol) portion of 4.4'oxydianiline was dissolved in 101 2 g of 2-methoxyethartoI. and the solution 
was kept at 8°C. To the solution was gradually added 13.95 g (45.0 mmol) of 4,4'-oxydiphtha!ic acid dianhydride spend- 
ing 30 minutes, thereby obtaining a diamine represented by the following formula. 

30 



After 1 hour of stirring, 1 1 .43 g (45.0 mmol) of pyromellrtic acid was added and the stirring was continued for addi- 
ao tional 1 hour to obtain a uniform, yellow and transparent solution (solid content 30% by weight). Measurement of the 
viscosity of the solution showed a viscosity oi 1 .5 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 70 um using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imicfization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
45 film was 21 um in thickness and showed a tensile strength of 13.0 kg/mm 2 . 

EXAMPLES 

A 16.00 g (80.0 mmol) portion of 4,4'-oxydiani!ine was dissolved in 57.83 g of diethylene glycol monomethy! ether. 
so and the solution was kept at 8°C. To the solution was gradually added 12.4 g (40.0 mmol) of 4,4'-oxydiphthaltc acid dian- 
hydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



55 
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After 1 hour of stirring, 10.15 g (40.0 mmol) of pyromellitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 40% by weight). Measurement of the 
viscosity of the solution showed a viscosity of 60 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80° C 
is for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 20 n™ in thickness and showed a tensile strength of 1 3.0 Kg/mm 2 . 

EXAMPLE 4 

20 

A 21.00 g (105.0 mmol) portion of 4,4'-oxydianiline was dissolved in 112.43 g of diethylene glycd monomethyl 
ether, and the solution was kept at 8°C. To the solution were gradually added 8.12 g (26.2 mmol) of 4,4'-oxyd5phthaltc 
acid dianhydride and 5.72 g (26.2 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a 
diamine represented by the following formula. 

25 

30 O O 



After 1 hour of stirring, 13.33 g (52.4 mmol) of pyromellitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Measurement of the 
40 viscosity of the solution showed a viscosity of 22 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 urn using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 16 urn in thickness and showed a tensile strength of 15.0 kg/mm 2 . 

45 

Example 5 

A 21.00 g (105.0 mmol) portion of 4,4'-oxydianiline was dissolved in 116.11 g of diethylene glycol monomethyl 
ether, and the solution was kept at 8°C. To the solution was gradually added 1 5.43 g (52.4 mmol) of 3 , 3\4 ( 4'-biphenyttet- 
so racarboxyiic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 
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After 1 hour of stirring, 13.33 g (52.4 rnmol) of pyromellitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Measurement of the 
viscosity of the solution showed a viscosity of 10 poise. 
is Thereafter, this solution was spread on a glass plate to a thickness of 50 urn using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300° C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a poiyimide film. This polyimide 
film was 10 ym in thickness and showed a tensile strength of 15.3 kg/mm 2 . 

20 COMPARATIVE EXAMPLE 1 

A 16.00 g (80.0 rnmol) portion of 4 t 4*-oxyd5aniline was dissolved in 80.44 g of diethytene glycol monomethyl ether 
and kept at 8°G. To the solution was gradually added 18.48 g (84.7 mmd) of pyromellitic acid dian hydride spending 2 
hours. When the stirring was continued for additional 6 hours, the solution turned into gel (solid content, 30% by weight). 

25 

COM PARAT I VE EXAMPLE g 

A 15.00 g (70.0 rnmol) portion of 4,4'-oxydianiline was dissolved in 85.8 g of diethylene glycol monomethyl ether 
and kept at 8°C. To the solution were gradually added 12.78 g (41.2 rnmol) of 4.4'-oxydiphthalic add dianhydride and 
30 9.00 g (41 .3 rnmol) of pyromellitic acid dianhydride spending 3 hours. When the stirring was continued for additional 6 
hours, the solution turned into gel (solid content, 35% by weight). 

EXAMPLE 6 

35 A 1 6.02 g (80.0 rnmol) portion of 4,4'-oxydianiiine was dissolved in 82.06 g of N, N-dimethylacetamide. and the solu- 
tion was kept at 8°C. To the solution was gradually added 8.72 g (40.0 rnmol) of pyromellitic acid cfianhydride spending 
30 minutes, thereby obtaining a diamine represented by the following formula. 



HO-jp^-^Cj-OH 
O O 

45 



After 1 hour of stirring, 1 1.28 g (40.0 rnmol) of pyromellitic acid dimethyl ester was added and the stirring was con- 
so tinued for additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by weight). 
Measurement of the viscosity of the solution showed a viscosity of 8.0 poise. The viscosity value of this solution did not 
change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 pm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
55 phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 5.6 urn in thickness and showed a tensile strength of 1 1.0 kg/mm 2 . 
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EXAMPLE 7 

A 16.02 g (80.0 rrtmol) portion of 4,4'-oxydianiline was dissolved in a mixture of 16.8 g off N-methytpyrrolidone and 
67.26 g of diethytene glycol monomethyi ether, and the solution was kept at 8°C. To the solution was gradually added 
5 8.72 g (40.0 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by 
the following formula. 



HO-CJ^^^CJ-OH 

o o 

15 

After 1 hour of stirring, 1 1 .28 g (40.0 mmol) of pyromellitic acid dimethyl ester was added and the stirring was con- 
tinued for additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by weight). 
Measurement of the viscosity of the solution showed a viscosity of 29.0 poise. The viscosity value of this solution did 
20 not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 urn using a film applicator, dried at 80°C 
tor 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a potyimide film. This pdyimide 
film was 5.7 \im in thickness and showed a tensile strength of 1 1 .4 kg/mm 2 . 

25 

EXAMPLE 8 

A 16.02 g (80.0 mmol) portion of 4,4'-oxydiani!ine was dissolved in a mixture of 25.2 g of N-methylpyrrolidone and 
50.9 g of diethytene glyool monomethyi ether, and the solution was kept at 8°C. To the solution was gradually added 8.7 
30 g (40.0 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the fol- 
lowing formula. 



40 

After 1 hour of stirring, 1 1 .3 g (40.0 mmol) of pyromellitic acid dialkyl ester was added and the stirring was contin- 
ued for additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by weight). 
Measurement of the viscosity of the solution showed a viscosity of 6.4 poise. The viscosity value of this solution did not 
45 change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 um using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimkie film. This polyimide 
film was 7.1 ^im in thickness and showed a tensile strength of 1 1 .2 kg/mm 2 . 

50 

COMPARATIVE EXAMPLE 3 

A 16.00 g (80.0 mmol) portion of 4.4 , -axydianiiine was tissotved in a mixture of 16.1 g of N-methylpyrrolidone and 
65.35 g of di ethylene glycol monomethyi ether, and the solution was kept at 8°C. To the solution was gradually added 
55 1 8.48 g (84.7 mmol) of pyromellitic acid dianhydride spending 2 hours. When the stirring was continued for additional 6 
hours, the solution turned into get (solute concentration, 30% by weight). 
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A 1 8.00 g (90.0 mmol) portion of 4,4'-oxydianfline was dissolved in 1 04.2 g of diethylene glycol monomethyl ether, 
and the solution was kept at 8°C. To the solution was gradually added 13.96 g (45.0 mmoi) of 4 > 4'-oxydiphthalic acid 
5 dianhydride spending 30 minutes, thereby obtaining a diamine represerrted by the following formula. 



H0~C C OH 



75 

After 1 hour of stirring, 12.69 g (45.0 mmol) of pyromellitic acid dimethyl ester was added and the stirring was con- 
tinued for additional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Meas- 
urement of the viscosity of the solution showed a viscosity of 3.1 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80°C 
20 for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glas6 plate to obtain a transparent polyimide film. 
This polyimide film was 14 pm in thickness and showed a tensile strength of 14.0 kg/mm 2 . 

EXAMPU; 1Q 

25 

A 1 8.00 g (90.0 mmol) portion of 4,4'-oxydianiline was dissolved in 1 04.2 g of N-methytpyrrolkJone. and die solution 
was kept at 8°C. To the solution was gradually added 13.95 g (45.0 mmol) of 4.4 , -oxydiphthalic acid dianhydride spend- 
ing 30 minutes, thereby obtaining a diamine represented by the following formula. 

30 



35 




After 1 hour of stirring, 12.69 g (45.0 mmol) of pyromellitic acid dimethyl ester was added and the stirring was con- 
tinued for additional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Meas- 
urement of the viscosity of the solution showed a viscosity of 1 .2 poise. \ 

Thereafter, this solution was spread on a glass plate to a thickness of 50 jim using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a transparent polyimide film. 
This polyimide film was 13 pm in thickness and showed a tensile strength of 14.0 kg/mm 2 . 

EXAMPI511 

A 16.02 g (80.0 mmol) portion of 4,4'-oxydtaniline was dissolved in 80.68 g of 2-methoxyethanol. and the solution 
so was kept at 8°C. To the solution was gradually added 12.4 g (40.0 mmol) of 4,4 , -oxydiphthalic acid dianhydride spending 
30 minutes, thereby obtaining a diamine represented by the following formula. 
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HP OH 



20 



25 



30 



10 

Atter 1 hour of stirring. 1 1 .28 g (40.0 mmol) of pyromeilrtic acid dimethyl ester was added and the stirring was con- 
tinued for additional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Meas- 
urement of the viscosity of the solution showed a viscosity of 1 .0 pcisa 

Thereafter, this solution was spread on a glass plate to a thickness of 50 um using a film applicator, dried at 80° C 
is for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a transparent polyimide film. 
This polyimide film was 13 \>m in thickness and showed a tensile strength of 13.0 kg/mm 2 . 



EXAMPLE 12 

A 16.02 g (80.0 mmol) portion of 4,4'-oxydianiline was dissolved in 73.76 g of diethylene glycol monomethyi ether, 
and the solution was kept at 8°C. To the solution was gradually added 12.4 g (40.0 mmol) of 4,4 t -oxydiphthalic acid dian- 
hydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



After 1 hour of stirring, 1 1 .28 g (40.0 mmol) of pyromellrtic acid dimethyl ester was added and the stirring was con- 
35 tinued fa additional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 35% by weight). Meas- 
urement of the viscosity of the solution showed a viscosity of 1 0 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 \im using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a transparent polyimide film. 
ao This polyimide film was 1 7 um in thickness and showed a tensile strength of 1 4.0 kg/mm 2 . 

EXAMPLE 13 

A 9.73 g (90.0 mmol) portion of m-phenylenediamine was dissolved in 84.86 g of diethylene glycol monomethyi 
45 ether, and the solution was kept at 8°C. To the solution was gradually added 1 3.96 g (45.0 mmol) of 4,4'-oxydiphthalic 
acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



50 HiN 



HO OH l*H 2 

HO-C — ^-"^C-OH 



55 



After 1 hour of stirring, 12.69 g (45.0 mmol) of pyromellitic acid dimethyl ester was added and the stirring was con- 
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tinued for additional 1 hour to obtain a uniform, dark green and transparent solution (solid content, 30% by weight). 
Measurement of the viscosity of the solution showed a viscosity of 1 .9 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a transparent polyimide film. 
This polyimide film was 14 \im in thickness and showed a tensile strength of 15.0 kg/mm 2 . 

EXAMPLE 14 

A 20.02 g (100.0 mmol) portion of 4,4'-oxydianiline was dissolved in 110.46 g of diethylene glycol monomethyf 
ether, and the solution was kept at 8°C. To the solution were gradually added 7.76 g (25.0 mmol) of 4,4-oxydiphthaltc 
acid dianhydride and 5.45 g (25.0 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a 
diamine represented by the following formula. 



o o 

■ :O* , 0C. DOC 



After 1 hour of stirring, 14.1 1 g (50.0 mmol) of pyromellitic acid dimethyl ester was added and the stirring was con- 
tinued for additional 1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Meas- 
urement of the viscosity of the solution showed a viscosity of 7.2 poise. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 nm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a transparent polyimide film. 
This polyimide film was 16 pm in thickness and showed a tensile strength of 1 5.0 kg/rnm 2 . 

EXAMPLE 15 

A 14.00 g (69.9 mmol) portion of 4,4'-oxydianiline was cfissolved in a mixture of 21 .4 g of N-methylpyrrolidone and 
49.8 g of diethylene glycol monomethyl ether, and the solution was kept at 8°C. To the solution was gradually added 7.6 
g (35.0 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the fol- 
lowing formula. 

o o 



After 1 hour of stirring, 8.9 g (35.0 mmol) of pyromellitic acid was added and the stirring was continued for additional 
1 hour to obtain a uniform, yellow and transparent solution (solid content, 30% by weight). Measurement of the viscosity 
of the solution showed a viscosity of 34.9 poise. The viscosity value of this solution did not change after 12 hours of 
stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 ^m using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 7.0 yim in thickness and showed a tensile strength of 12.8 kg/mm 2 . 
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EXAMPLE 16 

A 14.00 g (69.9 mmd) portion of 4,4 , -oxydianiline was dissolved in a mixture of 14.2 g of N-methylpyrrolidone and 
57.0 g of diethylene glycol monomethyi ether, and the solution was kept at 8°C. To the solution was gradually added 7.6 
5 g (35.0 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the fol- 
lowing formula. 



HO-J^^^Cf-OH 
O 0 

15 



After 1 hour of stirring, 8.9 g (35.0 mmol) of pyromellitic acid was added and the stirring was continued for additional 
1 hour to obtain a uniform, yellow and transparent solution (solid content 30% by weight). Measurement of the viscosity 
20 of the solution showed a viscosity of 6.5 poisa The viscosity value of this solution did not change after 1 2 hours of stir- 
ring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyi mide film. This polyimide 
25 film was 6.7 jim in thickness and showed a tensile strength of 13.0 kg/mm 2 . 

EXAMPLE 17 

A 14.00 g (69.9 mmd) portion of 4,4'-Gxydianiline was dissolved in a mixture of 28.5 g of N-methylpyrrdidone and 
30 42.5 g of diethylene glycol monomethyi ether, and the solution was kept at 8°C. To the solution was gradually added 7.6 
g (35.0 mmol) of pyromellitic acid dianhydride spending 30 minutes, thereby obtaining a cfiamine represented by the fol- 
lowing formula. 



35 



40 




After 1 hour of stirring, 8.9 g (35.0 mmol) of pyromellitic acid was added and the stirring was continued for additional 
45 1 hoix to obtain a uniform, yellow and transparent solution (solid content 30% by weight). Measurement of the viscosity 
of the solution showed a viscosity of 6.4 poisa The viscosity value of this solution did not change after 12 hours of stir- 
ring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 pm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
50 phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 7.5 *im in thickness and showed a tensile strength of 12.8 kg/mm 2 . 

EXAMPLE 18 

55 A 14.00 g (69.9 mmol) portion of 4.4'-oxydianiline was dissolved in 71 .2 g of N,N<fimethylformamide. and the solu- 
tion was kept at 8°C. To the solution was gradually added 7.6 g (35.0 mmol) of pyromellitic acid dianhydride spending 
30 minutes, thereby obtaining a diamine represented by the following formula. 
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After 1 hour of stirring, 8.9 g (35.0 mmol) of pyromeliitic acid was added and the stirring was continued for additional 
1 hour to obtain a uniform, yellow and transparent solution (solid content 30% by weight). Measurement of the viscosity 
of the solution showed a viscosity of 2.5 poise. The viscosity value of this solution did not change after 12 hours of stir- 
ring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 urn using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 7.0 jim in thickness and showed a tensBe strength of 1 3.2 kg/mm 2 . 

EXAMPLE 19 

A 14.00 g (69.9 mmol) portion of 4,4*-oxydianiline was dissolved in a mixture of 21.4 g of N-methylpyrrolidone and 
49.8 g of 2-methoxyethanol, and the solution was kept at 8°C. To the solution was gradually added 7.6 g (35.0 mmol) 
of pyromeliitic acid danhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 

H0 ~?i"tr 0H 



After 1 hour of stirring, 8.9 g (35.0 mmol) of pyromeliitic acid was added and the stirring was continued for additional 
1 hour to obtain a uniform, yellow and transparent solution (solid content 30% by weight). Measurement of the viscosity 
of the solution showed a viscosity of 13.5 poise. The viscosity value of this solution did not change after 12 hours of 
stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 um using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imrdization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
fQm was 6.8 um in thickness and showed a tensile strength of 12.9 kg/mm 2 . 

COMPARATIVE EXAMPLE 4 

A 16.00 g (80.0 mmol) portion of 4,4'-oxydianiline was dissolved in a mixture of 16.1 g of N-methylpyrroJidone and 
65.35 g of diethylene glycol monomethyl ether, and the solution was kept at 8°C. To the solution was gradually added 
1 8.48 g (84.7 mmol) of pyromeliitic acid dianhydride spending 2 hours. When the stirring was continued for additional 6 
nouns, the solution turned into gel (solute concentration, 30% by weight). 

COMPARATIVE EXAMPLE? 

A 15.00 g (70.0 mmol) portion of 4,4'oxydianiline was dissolved in 85.8 g of diethylene glycol monomethyl ether, 
and the solution was kept at 8°C. To the solution were gradually added 12.78 g (41 .2 mmol) of 4.4'-oxycfiphthalic acid 
dianhydride and 9.00 g (41.3 mmol) of pyromeliitic acid dianhydride spending 3 hours. When the stirring was continued 
for additional 6 hours, the solution turned into gel (solid content, 35% by weight). 
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EXAMPLE 20 

A 20 g (62.5 mmoi) portion of 2,2'-bis(trif luoromethyl)benzidine was dissolved in 92.2 g of diethylene glycol mono- 
methyl ether, and the solution was kept at 8°C. To the solution was gradually added 9.2 g (31 .3 rnmol) of 3,3\4,4 -bphe- 
5 nyltetracarboxylic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following 
formula. 



10 




15 

After 1 hour of stirring, 10.3 g (31 .3 rnmol) of 3,3\4,4'4>iphenyitetracarbcxylic acid was added and the stimng was 
continued for additional 1 hour to obtain a uniform, light yellow and transparent solution (solute concentration, 30% by 
weight). Measurement of the viscosity of the solution showed a viscosity of 1 .6 poise. The viscosity value of this solution 
so did not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 ism using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 8.3 jim in thickness and showed a tensile strength of 18.4 kg/mm 2 . 

25 

EXAMPLE 21 

A 20 g (62.5 rnmol) portion of 2,2*-bis(trif luoromethyQb&izidine was dissolved in 59.3 g of diethylene glycol mono- 
methyl ether and kept at 8°C. To the solution was gradually added 9.2 g (31 .3 rnmol) of 3,3\4,4 , -biphenyttetracarboxylic 
30 acid dianhydride spending 30 minutes to obtain a diamine represented by the following formula. 



35 




40 

After 1 hour of stirring, 10.3 g (31 .3 rnmol) of 3.3\4,4'-biphenyltetracarboxytic acid was added and the stirring was 
continued for additional 1 hour to obtain a uniform, light yellow and transparent solution (solute concentration, 40% by 
weight). Measurement of the viscosity of the solution showed a viscosity of 8.0 poise. The viscosity value of this solution 
45 did not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80° C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300*0 for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 13.0 jim in thickness and showed a tensile strength of 18.8 kg/mm 2 . 

50 

COMPARATIVE EXAMPLE § 

A 20 g (62.5 rnmol) portion of 2,2 , *is(trifluoromethy1)ben2idine was dissolved in 89.1 g of N-methytpyrroTidone. and 
the solution was kept at 8°C. To the solution was gradually added 1 8.4 g (62.5 rnmol) of 3.3\4.4M»phenyrtetracarboxylic 
55 acid dianhydride spending 2 hours. When the stirring was continued for additional 6 hours, the solution turned into gel 
(solute concentration, 30% by weight). 
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EXAMPLE 22 

A 1 2.00 g (31 .07 mmoi) portion of 4,4M3is-(3-aminophenoxy)biphenyl was dissolved in 45.95 g of N.N'-dimethytfor- 
mamide, and the solution was kept at 8°C. To the solution was gradually added 3.55 g (16.29 mmol) of pyromellitic acid 
5 dianhydride spending 30 minutes, thereby obtaining a cfiamine represented by the following formula. 



10 




15 

After 1 hour of stirring, 4.14 g (16.29 mmol) of pyromellitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, brown and transparent solution (solute concentration, 30% by weight). Measurement 
of the viscosity of the solution showed a viscosity of 0.45 poise. The viscosity value of this solution did not change after 
20 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imkfization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimidef ilm. This polyimide 
film was 8.5 jim in thickness and showed a tensile strength of 12.0 kg/mm 2 . 

25 

E XA M PLE 23 

A 21.00 g (104.90 mmol) portion of 3,4'-oxydianiline was dissolved in 129.33 g of Methylene glycol monomethyl 
ether, and the solution was kept at 8°C. To the solution was gradually added 16.27 g (52.45 mmol) of oxydiphthalic acid 
30 dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



O O 



40 

After 1 hour of stirring, 18.16 g (52.45 mmol) of oxydiphthalic acid was added and the stirring was continued for 
additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by weight). Measure- 
ment of the viscosity of the solution showed a viscosity of 4.8 poise. The viscosity value of this solution did not change 
after 12 hours of stirring at room temperature 
45 Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imkfization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 8.8 p.m in thickness and showed a tensBe strength of 1 5.0 kg/mm 2 . 

50 EXAMPUE 24 

A 12.00 g (59.94 mmol) portion of 3,4*-oxydianiline and 3.09 g (10.58 mmol) of 1 ,3*-bis(3-aminophenoxy)-benzene 
were dissolved in 86 59 g of Methylene glycol monomethyl ether, and the solution was kept at 8°C. To the solution was 
gradually added 10.37 g (35.26 mmol) of 3,3',4 ( 4'-biphenyttetracarboxylic acid dianhydride spending 30 minutes, 
55 thereby obtaining a diamine represented by the following formula. 
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13 After 1 hour of stirring, 1 1.64 g (35.26 mmol) of 3.3\4,4M3iphenyttetra<»rbaxy1ic acid was added and the stirring 
was continued for additional 1 hour to obtain a uniform, dark brown and transparent solution (solute concentration, 30% 
by weight). Measurement of the viscosity of the solution showed a viscosity of 4.6 poise. The viscosity value of this solu- 
tion did not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 ym using a film applicator, dried at 80°C 

20 for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 8.5 um in thickness and showed a tensile strength of 1 2.0 kg/mm 2 . 



EXAMPLE 25 

A 24.00 g (221.93 mmol) portion of p-phenylenedianrtine was dissolved in 217.69 g of N.N'-dimethylacetamide. and 
the solution was kept at 8°C. To the solution was gradually added 32.65 g (1 10.97 mmol) of 3,3',4,4*-biphenyltetracar- 
boxylic acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



After 1 hour of stirring, 36.64 g (11 0.97 mmol) of 3,3\4,4'-bf3henyttetracarboxyiic acid was added and the stirring 
40 was continued for additional 1 hour to obtain a uniform, blackish green and transparent solution (solute concentration, 
30% by weight). Measurement of the viscosity of the solution showed a viscosity of 6.5 poise. The viscosity value of this 
solution did not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 um using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
45 phere of nitrogen, and the resisting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 9.2 jim in thickness and showed a tensile strength of 27.0 kg/mm 2 . 

EXAMPLE 26 

so A 1 4.00 g (47.89 mmol) portion of 1 ,3'-bi s-(4-arrri nophenoxy)benzene was dissolved in 74.68 g of diethylene glycol 
monom ethyl ether, and the solution was kept at 8°C. To the solution was gradually added 8.57 g (23.95 mmol) of 
3,3\4,4'^ipher!ylsulfonetetracarboxylic acid dianhydride spending 30 minutes, thereby obtaining a diamine repre- 
sented by the following formula. 

55 



22 



8NSDOCID: <EP 081 1B48A1_L> 



EP0811 648A1 



^^^^^ 

U ll 



After 1 hour of stirring, 9.43 g (23.95 mmol) of S^'^.^-biphenytsuIfonetetracarboxylic acid was added and the stir- 
ring was continued for additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% 
by weight). Measurement of the viscosity of the solution showed a viscosity of 5.4 poise. The viscosity value of this solu- 
tion did not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 urn using a film applicator, dried at 80*C 
for 5 hours in an atmosphere of nitrogen and then subjected to imkfzation by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a poiyimide film. This polyimide 
film was 9.8 in thickness and showed a tensile strength of 13.0 kg/mm 2 . 

EXAMPLE 27 

A 15.00 g (74.93 mmol) portion of 4,4'-oxydianiline was dissolved in 115.81 g of diethylene glycol monomethyt 
ether, and the solution was kept at 8°C. To the solution was gradually added 1 6.64 g (37.46 mmol) of 2,2-bis-(3.4-dicar- 
boxyphenyQhexafluoropropane dianhydride spending 30 minutes, thereby obtaining a diamine represented by the fol- 
lowing formula. 

o o 



After 1 hour of stirring, 17.99 g (37.46 mmol) of 2,2-bis-(3,4-dicarboxyphenyl)hexafluoropropane was added and 
the stirring was continued for adcfitional 1 hour to obtain a uniform, light yellow and transparent solution (solute concen- 
tration, 30% by weight). Measurement of the viscosity of the solution showed a viscosity of 5.0 poise. The viscosity 
value of this solution did not change after 1 2 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 pm using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 9.0 *im in thickness and showed a tensile strength of 14.0 kg/mm 2 . 

EXAMPLES 

A 14.74 g (40.00 mmol) portion of 4,4 , -bis-(4-aminophenoxy)biph enyl was dissolved in a mixture of 54.28 g of dieth- 
ylene glycol monomethyl ether and 23.2 g of N-methytpyrrolidone, and the solution was kept at 8°C. To the solution was 
gradually added 8.88 g (20.0 mmol) of 2,2-bis(3.4-dicarbQxyphenyl)hexafluoropropane dianhydride spending 30 min- 
utes, thereby obtaining a diamine represented by the following formula. 
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After 1 hour of stirring, 9.6 g (20.0 mmol) of 2.2*is(3,4<5icarboxypheny1)hexafluoropropane was added and the 
stirring was continued for additional 1 hour to obtain a uniform, light yellow and transparent solution (solute concentra- 
tion, 30% by weight). Measurement of the viscosity of the solution showed a viscosity of 5.4 poise. The viscosity value 
of this solution did not change after 12 hours of stirring at room temperature. 
is Thereafter, this solution was spread on a glass plate to a thickness of 50 using a f ilm applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimtdef ilm. This polyimide 
film was 9.3 jim in thickness and showed a tensile strength of 1 1.0 kg/mm 2 . 

20 EXAMPLE 29 

A 21.00 g (104.90 mmol) portion of 3.4'-oxydianiline was dissolved in 129.33 g of 2-methoxy-propanol , and the 
solution was kept at 8°C. To the solution was gradually added 16.27 g (52.45 mmol) of oxydiphthalic acid cDanhydrtde 
spending 30 minutes to obtain a diamine of the following formula. 

25 



30 



35 



SO 




-OH 




After 1 hour of stirring, 18.16 g (52.45 mmol) of oxydiphthalic acid was added and tie stirring was continued for 
additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by weight). Measure- 
ment of the viscosity of the solution showed a viscosity of 1 .6 poise. The viscosity value of this solution did not change 
after 1 2 hours of stirring at room temperature. 
40 Thereafter, this solution was spread on a glass plate to a thickness of 50 jim using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 9.4 jim in thickness and showed a tensile strength of 14.0 kg/mm 2 . 

45 EXAMPLE 30 

A 1 5.00 g (74.93 mmol) portion of 4,4'-oxydianiline was dissolved in 85.97 g of diethytene glycol monomethyl ether, 
and the solution was kept at 8°C. To the solution was gradually added 15.5 g (49.95 mmol) of oxydiphthalic acid cfian- 
hydride spending 30 minutes, thereby obtaining a cfianmne represented by the following formula. 



HO-C — C-OH 

t s 
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After 1 hour of stirring, 6.35 g (24.98 mmol) of pyromeilitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by weight). Measurement 
of the viscosity of the solution showed a viscosity of 30 poise. The viscosity value of this solution did not change after 
12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 urn using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 8.5 urn in thickness and showed a tensile strength of 12.0 kg/mm 2 . 

EXAMPLE 31 

A 14.00 g (69.93 mmol) portion of 4,4*-oxydianiline was dissolved in 70.61 g of N,N-dimethyrtormamide, and the 
solution was kept at 8°C. To the solution was gradually added 9.15 g (41.96 mmol) of pyromeilitic acid dianhydride 
spending 30 minutes to obtain a diamine of the following formula. 



O 0 



After 1 hour of stirring, 7.1 1 g (27.92 mmol) of pyromeilitic acid was added and the stirring was continued for addi- 
tional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration. 30% by weight). Measurement 
of the viscosity of the solution showed a viscosity of 4.3 poise. The viscosity value of this solution did not change after 
12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 25 urn using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 5.0 um in thickness and showed a tensile strength of 12.3 kg/mm 2 . 

EXAMPLE 33 

A 14.0 g (129.46 mmol) portion of p-phenylenediamine was dissolved in 125.89 g of N,N-dimethyfacetamide, and 
the solution was kept at 8°C. To the solution was gradually added 22.85 g (77.68 mmol) of 3,3\4 A-biphenyttetracarbox- 
ylic add dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 




After 1 hour of stirring, 1 7. 1 g (51 .78 mmol) of biphenyttetracarboxylic acid was added and the stirring was contin- 
ued tor additional 1 hour to obtain a uniform, green and transparent solution (solute concentration. 30% by weight). 
Measurement of the viscosity of the solution showed a vtscosrty of 18 poise. The viscosity value of this solution did not 
change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 um using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 8.3 um in thickness and showed a tensile strength of 27.5 kg/mm 2 . 
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EXAMPLE 33 

A 14.0 g (129.46 mmol) portion of p-phenyienediamine was dissolved in 123.72 g of N.N-dimetrtylacetamide. and 
the solution was kept at 8°C. To the solution was gradually added 30.47 g (1 03.57 mmol) of biphenyttetracaiboxylic acid 
dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 




o o 



After 1 hour of stirring, 8.55 g (25.89 mmol) of biphenyttetracarboxylic acid was added and the stirring was contin- 
ued for additional 1 hour to obtain a uniform, green and transparent solution (solute concentration, 30% by weight). 
Measurement of the viscosity of the solution showed a viscosity of 70 poise. The viscosity value of this solution did not 
change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 urn using a film applicator, dried at 80° C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coaling was separated from the glass plate to obtain a polyimide film. This pdyirrtide 
film was 8.6 jim in thickness and showed a tensile strength of 29.0 kg/mm 2 . 

EXAMPLE 34 

A 8.37 g (41 .8 mmol) portion of 4.4'-oxydianiiine was dissolved in 50.0 g of N,N-dimethyIacetamide, and the solu- 
tion was kept at 8°C. To the solution was gradually added 6.15 g (20.9 mmol) of 3,3' ( 4,4'-biphenyrtetracarboxylic acid 
dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



After 1 hour of stirring, 6.90 g (20.9 mmol) of 3,3^4 .^^phenyttetracartxixylic acid was added and the stirring was 
continued for additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by 
weight). Measurement of the viscosity of the solution showed a viscosity of 0.7 poise. The viscosity value of this solution 
did not change after 12 hours of stirring at room temperature. 

Thereafter, this solution was spread on a glass plate to a thickness of 50 using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 9.7 urn in thickness and showed a tensile strength of 15.2 kg/mm 2 . 

EXAMPLE 35 

A 8.37 g (41 .8 mmol) portion of 4,4'-Qxydianiline was dissolved in 50.0 g of diethyl ene glycol monomethyl ether, and 
the solution was kept at 8°C. To the solution was gradually added 6. 1 5 g (20.9 mmol) of 3,3\4,4*-biphenyttetracarboxyl)c 
acid dianhydride spending 30 minutes, thereby obtaining a diamine represented by the following formula. 



. <EP 08t1648AlJ_> 



26 



EP0811 648 A1 



10 

After 1 hour of stirring, 6.90 g (20.9 mmol) of 3,3\4,4'-biphenyttetracart>Gxylic add was added and the stirring was 
continued lor additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by 
weight). Measurement of the viscosity of the solution showed a viscosity of 7.0 poise. The viscosity value of this solution 
did not change after 12 hours of stirring at room temperature 
is Thereafter, this solution was spread on a glass plate to a thickness of 50 um using a film applicator, dried at 80°C 
for 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 9.2 um in thickness and showed a tensile strength of 18.5 kg/mm 2 . 

20 EXAMPLE 36 

A 8.37 g (41 .8 mmd) portion of 4,4'-oxydianiline was dissolved in 50.0 g of N, N-dim ethytf or mamide , and the solu- 
tion was kept at 8°C. To the solution was gradually added 6.15 g (20.9 mmol) of 3,3',4,4*-biphenyHetracart)oxytic acid 
dianhydrtde spending 30 minutes, thereby obtaining a diamine represented by the following formula. 

25 
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After 1 hour of stirring, 6.90 g (20.9 mmol) of 3,3\4,4'-biphenyttetracarboxy1ic acid was added and the stirring was 
continued for additional 1 hour to obtain a uniform, yellow and transparent solution (solute concentration, 30% by 
weight). Measurement of the viscosity of the solution showed a viscosity of 0.3 poise. The viscosity value of this solution 
did not change after 12 hours of stirring at room temperatura 

40 Thereafter, this solution was spread on a glass plate to a thickness of 50 um using a film applicator, dried at 80°C 
fa 5 hours in an atmosphere of nitrogen and then subjected to imidization by heating at 300°C for 5 hours in an atmos- 
phere of nitrogen, and the resulting coating was separated from the glass plate to obtain a polyimide film. This polyimide 
film was 9.2 um in thickness and showed a tensile strength of 13.3 kg/mm 2 . 

Thus, as has been described in the foregoing, the solute of the polyimide precursor solution of the present invention 

45 is not a polymer but a salt of monomers and is dissolved in a high concentration. However, the solution has a low vis- 
cosity and the polyimide coatings obtained from the polyimide precursor solution of the present invention have excellent 
physical properties. In consequence, the solution exerts excellent effects when used in the methods such as spin coat- 
ing for the formation of layer insulating films or protective f 3ms of targe-scale integrated circuits and the like. In addition, 
according to the process of the present invention for the production of a polyimide precursor solution, the aforemen- 

50 tioned polyimide precursor solution can be produced easily, and. according to the process for the production of polyim- 
ide coatings, polyimide coatings can be produced easily. 

While the invention has been described in detail and with reference to specific examples thereof, it will be apparent 
to one skilled in the art that various changes and modifications can be made therein without departing from the spirit 
and scope thereof. 

55 

Claims 

1. A polyimide precursor solution which comprises, as the solute, a saft of (i) a d amine represented by the following 
general formula (1) 
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(1) 



O O 



(wherein R represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the 
four carbonyl groups are directly connected to different carbon atoms of Ft and each of two pairs of the four carbonyl 
groups is connected to adjacent carbon atoms in the 6-membered carbon ring, and R* represents a divalent aro- 
matic residue containing at least one 6-membered carbon ring) and (ii) a tetracarboxylic acid, a tetracarboxylic 
ester, or a mixture thereof, represented by the following general formula (2) 



(wherein FT represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the 
four carbonyl groups are directly connected to different carbon atoms in the residue and each of the two pairs of 
the four carbonyl groups is connected to adjacent carbon atoms in the 6-membered carbon ring, and FT represents 
a hydrogen atom or an alkyf group having 1 to 5 carbon atoms). 

2. The polyimide precursor solution according to claim 1 , wherein each of R and FT of the general formulae (1) and 
(2) is a group selected from the following members 



3. The polyimide precursor solution according to clam 1 , wherein R' of the general formula (1) is a group selected 
from the following members 



HOOC N COOH 
R'OOC COOR'" 



(2) 
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25 4. The polyimide precursor solution according to claim 1. wherein R. R* and R" of the general formulae (1) and (2) are 
respectively the following groups 



40 5. The polyimide precursor solution according to claim 1 , wherein R, R* and BT of the general formulae (1) and (2) i 
respectively the following groups 



R = 



»DC - -Q- ^OC 



50 



6. The polyimide precursor solution according to claim 1 . wherein R. R* and R" of the general formulae (1 ) and (2) are 
55 respectively the following groups 
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7. The polyimide precursor solution according to claim 1 , wherein R, R' and R" of the general formulae (1 ) and (2) are 
is respectively the following groups 



R = 




30 



35 



40 



45 



50 
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8. The polyimide precursor solution according to claim 1 , wherein R. R' and R" of the general formulae (1 ) and (2) are 
respectively the following groups 



9. The polyimide precursor solution according to claim 1 , wherein R. R' and R M of the general formulae (1 ) and (2) are 
respectively the following groups 



R' 
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1 0. The polyimide precursor solution according to claim 1 . wherein R, R' and R" of the general formulae (1 ) and (2) are 
respectively the following groups 



1 1 . The polyimide precursor solution according to claim 1 , wherein R, R' and R" of the general formulae (1 ) and (2) are 
respectively the following groups 

20 
25 



30 

1 2. The polyimide precursor solution according to claim 1 , wherein R, R' and R" of the general formulae (1 ) and (2) are 
respectively the following groups 



40 



13. The polyimide precursor solution accord ng to claim 1 t wherein the solvent is 2-methoxyethanol. diethylene, glycol 
monomethyl ether, 1 -methoxy-2-propanol, or a mixture thereof. 

45 

14. The polyimide precursor solution according to claim 1, wherein the solvent is N.N-dimethylacetamide, N.N-dimeth- 
yHbrmamide. N-methylpyrrolidone, or a mixture thereof. 

15. The polyimide precursor solution according to claim 1, wherein the solute concentration is 30% by weight or more 
so based on the total weight of the solution and the viscosity is 1 00 poise or less. 

16. A process for the production of a polyimide precursor solution, which comprises reacting 1 mole of a diamine rep- 
resented by the following general formula (3) 

55 H2N-R-NH2 (3) 

(wherein R* represents a divalent aromatic residue containing at least one 6-membered carbon ring) to react with 
0.3 to 0.9 mole of a tetracarboxytic acid dianhydride represented by the following general formula (4) 
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(wherein R represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the 
four cartx>ny1 groups are directly connected to different carbon atoms of R and each of two pairs of the four carbonyl 
groups is connected to adjacent carbon atoms in the 6-membered carbon ring) in a solvent to give a diamine rea- 
rs resented by the general formula (1), 



FUN— R' — N— C C-N— R'-NH 2 

(i) 

HOC COH 
II II 
0 O 



(wherein R represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the 
four carbonyl groups are directly connected to different carbon atoms of R and each of two pairs of the four carbonyl 
groups is connected to adjacent carbon atoms in the 6-membered carbon ring, and R* represents a divalent aro- 
matic residue containing at least one 6-membered carbon ring), and 

adding 0.95 to 1 .05 moles of the tetracarboxylic acid, tetracarboxylic ester, or a mixture thereof, represented 
by the general formula (2) 



HOOC^ ,COOH 
R \ 

R-OOC' COOR 



40 

(wherein R° represents a tetravalent aromatic residue containing at least one 6-membered carbon ring, wherein the 
four carbonyl groups are directly connected to different carbon atoms in the residue and each of the two pairs of 
the four carbonyl groups is connected to adjacent carbon atoms in the 6-membered carbon ring, and R'" represents 
a hydrogen atom or an alky! group having 1 to 5 carbon atoms) to 1 mole of the thus obtained diamine. 

45 

17. A polyimide coating or film obtained from the polyimide precursor solution of claim 1 . 

18. A process for producing the polyimide coating or film of claim 17, which comprises coating the polyimide precursor 
solution of claim 1 on a substrate and heating the coat to effect imidization. 

50 
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